The A2 mating type of Phytophthora infestans has been found in Japan. Oospores, within oogonia bearing amphigynous antheridia, were formed in a great abundance when compatible isolates were mated. When 207 isolates were tested for their mating types, 65 were A1, 141 were A2 and one was self-fertile in single culture. Both A1 and A2 isolates were detected among samples from many locations in Japan, but the A2 type was found to be predominant in all districts except Tohoku district. All A1 isolates except two were isolated from potato cultivars lacking R genes, while A2 isolates were isolated from a large number of cultivars having or lacking R genes. Most of the A2 isolates formed oospores in single aged cultures. There is a possibility that oospores have been formed in the fields of Japan.
INTRODUCTION
The fungus Phytophthora infestans is regarded as heterothallic with compatibility mating strains designated as Al and A23,4). The A2 type was originally recognized among isolates from Mexico, where it was found to occur as frequently as A1 type4). For many years prior to 1984 in all countries other than Mexico, only the A1 mating type of P. infestans has been described. In 1984, Hohl and Iselin6) reported an unexpected record on the presence of both A1 and A2 types in two field locations in Switzerland. Since then, the search for A2 type has been resumed and its presence in several countries has been established, in Egyptian tubers imported into Wales, U.K.13), in Scotland10), in England and Wales14), in West Germany12), in The Netherlands2), and in Sweden8).
Oospore formation of P. infestans was investigated once in Japan7), but the specialization of the isolates into two mating types was not investigated.
Since 1987, we have started to determine the mating types of this important fungus and to survey their distribution in Japan. In this paper we describe the results.
MATERIALS AND METHODS

Collection of samples.
In 1987, samples of blighted potato leaves were collected from most of the potato growing areas in Hokkaido, a northern island of Japan, which is a major potato production area. In 1988, samples were also collected from different locations in all districts of Japan by the help of the staff of agricultural experiment stations in Japan and by ourselves.
Isolation of P. infestans. Isolation was made by placing blighted leaf fragments on potato tuber slices of a cultivar Irish Cobbler (r) in moist chamber and incubating at 18-20 C. After 5-7 days, the fungus grew on the surface of the tuber slices and was freed from contamination by transfer on other tuber slices. Then, the isolates were established in pure cultures on both of rye A agar1) and non-clear 20% V-8 agar media in petri dishes. Stock cultures of all isolates were maintained on slants of rye A agar at 15C.
Determination of mating types. The total of 207 isolates of P. infestans were individually paired with each of a known A1 and A2 isolates of P. capsici from Japan and A1 (isolate 87/157/1) and A2 (isolate 87/97/3) of P. infestans from U.K., kindly supplied by Dr. R.C. Shattock, University College of North Wales, U.K.
Matings were made as follows: Agar disk (3mm in diameter) was cut from the edge of 7-day-old culture of P. infestans of unknown mating type and placed on 5% clear V-8 agar medium 4cm apart from a similar agar disk of either the A1 or A2 isolate of both of P. capsici and P. infestans. Inoculated plates were incubated at 20C in the dark for 7-10 days. The plates were then examined for the presence or absence of oospores. All matings were repeated at least once.
RESULTS
Mating types
The mating types of 207 isolates of P. infestans isolated from blighted potato leaves collected from many different locations in the main eight geographical districts of Japan are shown in Table 1 . when compatible isolates were mated, oogonia with amphigynous antheridia were formed in a great abundance in the juncture of the two colonies but not when the same types were plated together. Data revealed that the majority of isolates were of the A2 mating type, that is, 141 A2 and 65 A1. Only one self-fertile isolate was identified.
Occurrence of self-fertile isolate In 1987 in Hokkaido, one self-fertile isolate was detected since the oospores were produced in great abundance within single culture. The sexual organs were morphologically similar to the ones produced in paired isolates and approximately with the same sizes (Table 4 ). This isolate is characterized by the dense colony without aerial hyphae and by the less asexual sporulation on both of the potato slices and various agar media. Table 1 . Mating types of Phytophthora infestans isolated from blighted potato leaves in Japan a) One isolate was self fertile.
Geographical distribution The broad geographical distribution of the A1 and A2 isolates of P. infestans in Japan are illustrated in Fig. 1 . The A2 type is widely distributed throughout the areas of Japan that were surveyed during 1987 and 1988. Although both of A1 and A2 types occurred in many districts, A1 isolate was not detected in Shikoku and Kyushu districts in southern Japan. The A2 isolates were not detected in the southern part of Hokkaido in 1987 but three isolates were found in 1988. Only one self-fertile isolate was detected in Hokkaido in 1987. In a few cases, A1 and A2 isolates were found together in the same location.
Relation between A1 and A2 isolates and cultivars originated During 1987 and 1988 P. infestans was isolated from a total of 37 known and other unknown potato cultivars. The potatoes from which most isolates were isolated were cultivars lacking R genes, e.g. Irish Cobbler, May Queen, Norin-1 and Benimaru followed by cultivars carrying R1 gene, e.g. Toyoshiro and Dejima.
The data indicated that A1 isolates were always isolated from cultivars lacking R genes with two exception only in 1988 ( Table 2 ). The widely distributed A2 isolates were isolated not only from cultivars carrying R genes, but also from cultivars lacking it. The self-fertile isolate was isolated from cultivar Normn-1 (lacking R genes). This suggests that there may be a correlation between physiologic race and mating type of P. infestans in Japan.
Oospores in single cultures of A2 isolates Oospores, within oogonia with amphigynous antheridia, were observed in many isolates of the A2 type kept on V-8 agar media for at least four weeks in the dark (Table 3) . Oospores were produced irregularly at the margin of the colony. Some isolates formed a few oospores and others formed many. The color of the oogonia varied from brown to dark-brown. The size of oogonium was different from that formed in paired isolates (Table 4) . On the other hand, none of the A1 isolates has formed sexual structures after 4 months under the same conditions. Table 2 . Mating types of Phytophthora infestans isolates in relation to cultivars originated in 1987 and 1988 in Japan a) One self-fertile isolate were isolated from a cultivar lacking resistance gene (s). Table 3 . Formation of oospores by A2 isolates of Phytophthora infestans in single cultures a) A self-fertile isolate (KK703) formed more than 10,000 oospores under the same conditions. b) The number indicates oospores per plate (9cm diam.) after 4 weeks on 5% clear V-8 juice agar medium at 20C. Table 4 . Sizes of sexual organs formed by a self-fertile isolate and A2 isolates and in matings of A1 and A2 isolates of Phytophthora infestans on 5% clear V-8 agar medium a) Average of 20 sexual organs.
DISCUSSION
Since the presence of the two mating types is a prerequisite in heterothallic sexual reproduction, the distribution pattern of the two mating types is of considerable interest5). The results of this study demonstrate for the first time that within the Japanese population of P. infestans A2 type is predominant and widely distributed in all districts except Tohoku district.
It is significant that A1 isolates except two were isolated from cultivars lacking R genes, and this suggest that there is a correlation between physiologic race and mating type in Japan. Although both mating type of P. infestans were discovered in Mexico, where there are many native species of the Solanaceae, the correlation between host and mating type or physiologic race and mating type has not been found3,11).
Since one isolate of P. infestans in Hokkaido is apparently self-fertile, further work is in progress to characterize it more. Field isolates of P. infestans forming oospores in single culture were recorded by many investigators11,14-16).
P. infestans has been present in Japan at least since 19009). Earlier work in Japan7) reported that some single strains of P. infestans formed oospore-like bodies on artificial cultures and in diseased leaves and stems of potato and tomato. Therefore, mating of these imperfect oospore forming isolates with other non-forming isolates has been conducted, but very few oogonia with amphigynous antheridia were formed after long time incubation7). Regretfully, the mating type of these isolates has not been examined.
The presence of A1 and A2 isolates on potato in Japan and the occurrence of self-fertile isolate suggest that oospores of P. infestans are formed in the field. Thus, further sampling in the future to search for the occurrence of the oospores in the field and investigation of the necessary conditions for its formation are needed.
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